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Abstract 
This article evaluated the energy effeciency in Hebei Province using some indicators such as comprehensive energy 
consumption, efficiency of energy transformation. Then it makes a comparative analysis about the HeBei Province’s 
status in the country’s energy conservation. The final part of the paper predicts energy consumption indicators in 
HeBei province from 2009 to 2013. 
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1. Introduction 
Heavy industry play an important role in HeBei province, and it consume a lot of energy that leads to 
the obvious contraditon between economic development and environment. In recent years, HeBei 
province attaches great importance to energy saving and emission reduction, it took  the energy-saving as 
a major action of carrying scientific concept of development and building the harmonious society, as the 
focus of strengthening  macro-control. A lot of efforts achieved good results: establishing the energy-
saving and emission reduction objective responsibility system, making energy-saving and emission 
reduction into the comprehensive assessment system of the social development, establishing  Hebei 
province leading group of energy-saving emission reduction coordination, and issued a series of files such 
as: “Hebei people’s province decision on strengthening energy conservation”, ”the comprehensive 
implement of the programmer on HeBei province energy-saving emission reduction”, “Hebei province 
energy conservation regulations”. 
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2. Analysis of energy efficiency in Heibei province 
2.1 Analysis of comprehensive energy consumption 
From 2005 to 2007, electricity consumption per unit of GRP  increased from 14876.3 kwh / 10000 
yuan to the 1579.76 kwh / 10000yuan, but in 2008 it dropped to 1492.81 kw.h /  10000yuan, less 5.5% 
than 2007, in 2009 it further declined to 1449.94 kw.h /  10000 yuan. Since 2005, energy consumption per 
unit of GRP and energy consumption per unit of industrial value-added declined year by year. The energy 
consumption per unit of  GRP value changed from 1.96 ton of  SCE/10 000yuan in 2005 to 1.64 ton of 
SCE/10000yuan in 2009 .Energy consumption per unit of  industrial value-added also ranged from 4.41 
ton os SCE/10 000yuan in  2005 to 2.999 ton of SCE/10 000yuan in  2009. Hebei Province has made great 
achievements in 2009, the rate of change for all three indicators are the largest from 2006 to 2009. As the 
table 1 shows, the energy consumption per unit of industrial value-added is greater than the energy 
consumption per unit  of GRP  in  the same years and this is easy to understand, because industry has a 
greater energy consumption than the primary industry and tertiary industry. But fortunately, the reduced 
rate of energy consumption per unit of industrial value-added are greater than that of  energy consumption 
per unit of GRP . 
Table 1 Energy consumption per unit GDP value and other indicators change over the period of 2005-2009 
Year  
Energy consumption  per Units GRP 
value 
Electricity consumption per Units 
GRP value 
Energy consumption per unit of 
industrial value-added 
Index values  
(ton of  SCE/ 
10 000yuan)  
change( % ˅   
Index values  
(kw.h / 10 
000yuan)  
change( % ˅   
Index values  
(ton of  SCE/ 
10 000yuan)  
change( % ˅   
2005 1.96 - 1487.63 - 4.41 - 
2006 1.895 -3.09 1515.9 1.9 4.19 -5.59 
2007 1.843 -4.02 1579.76 2.86 3.87 -7.1 
2008 1.727 -6.29 1492.81 -5.50 3.315 -14.33 
2009 1.640 -5.02 1449.94 -2.52 2.999 -9.54 
Data sources:  the bulletin about the energy consumption and other indicators in all cities of Hebei Province[1][2][3][4][5]  
2.2 Efficiency of energy conversion 
       Efficiency of energy conversion reflect the degree of  manufacturing technique and management 
level, table 2 lists the efficiency of energy conversion in Hebei Province from 2005 to 2007. 
Table 2 efficiency of energy conversion from 2005 to 2008 in Hebei province unit: 10000tons of  SCE 
Year  
Thermal 
power  
Heating 
Supply 
Coal 
washing  
coking 
Petroleum 
Refineries  
 Gas works Briquettes 
2005 32.36 65.94 81.87 90.98 97.82 54.16 97.98 
2006 32.60 66.40 80.86 89.033 95.36 73.37 98.01 
2007 33.90 64.85 83.21 93.16 99.78 60.51 97.01 
2008 34.05 61.09 87.16 94.47 96.84 65.83 99.19 
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Data source: 2009, Hebei province economic Yearbook [6] 
From table 2, efficiency of energy conversion of various energy all increased to varying degrees 
except heating supply and petroleum refineries. 
3. The comparsion of energy efficiency between Hebei Province and other provinces 
According to the 2009 Indicator Bulletin of energy consumption per unit of GDP of all provinces, 
autonomous regions and municipalities [7]ˈ  The energy consumption per uit  of  g rp is 1.64 ton of  
SCE/10000yuan in Heibei province in 2009, that  is in eighth place in  the country, only less than Ningxia, 
Qinghai, Shanxi, Guizhou, Inner Mongolia, Xin jiang and Gansu, and is 2.7 t imes of that of  Beijing which 
is the lowest in this indicator. 
The energy consumption per unit  of industrial value-added is 2.999 ton of  SCE/10000yuan in  Heibei 
province in 2009, that is higher than the national average o f 2.29 ton of  SCE/10000yuan. The level of 
2.999 ton of  SCE/10000yuan is in  seventh place in the country, only less than Ningxia, Shanxi, Guizhon, 
Inner Mongolia, Gansu and Xinjiang, and is 3.71 times of that of Guangdong province which is the 
lowest in this indicator.. 
The electricity consumption per unit of GRP is 1449.94 kw.h / 10000 yuan in  Heibei province in  2009, 
that is in eighth place in the country, only less than Ningxia, Qinghai, Gansu, Guizhou, Shanxi, Inner 
Mongolia and Yunnan, and is 2.13 times of that of Beijing which is the lowest in this indicator. 
Therefore, the mode of economic growth in china is still extensive, compared to the developed 
provinces such as Beijing, Shanghai, Tianjin, Gongdong, Jiangsu and Zhejiang. Hebei province shoule 
further reduce energy consumption through management innovation, technological progress and structural 
adjustment. 
4. The prediction of energy consumption indicators in Hebei Province 
In order to understand whether energy consumption indicators in Heibei Province can complete 
“Eleventh Five” goal, we’ll use the data from 2005 to 2008 to predict, and to verify the prediction 
accuracy using 2009 data. 
In the prediction method, we select the gray prediction method.  The reason is that the length of data 
required by gray prediction is low, as long as four or more data you can create a model to predict. Since 
the relevant economic variables do not need to predict, this method can reduce the fo recast error and 
improve prediction accuracy [8].  
The original teme series  0x  has n observations:              ^ `nxxxx 0000 ,2,1  ,in order to 
weaken the randomness of the original time series, it can generate a new sequence by accumulation: 
             ^ `nxxxx 1111 ,2,1     (1) 
The differential equation of GM(1,1) is  
    uax
dt
dx   1
1
  (2) 
Let Dˆ exprexx parameter vector to be estimated, that is ¸¸¹
·
¨¨©
§ 
u
aD ,the estimator can be obtained by 
the least square method:   nTT YBBB 1 D                                                             (3) 
Where  
184  Li guozhu and Niu jiangao / Energy Procedia 5 (2011) 181–185
     > @
     > @
     > @ »»
»»
»»
»
¼
º
««
««
««
«
¬
ª



 
11
2
1
1
132
2
1
121
2
1
11
11
11
nxnx
xx
xx
B

      
   
   
   »»
»»
»
¼
º
««
««
«
¬
ª
 
nx
x
x
Y
0
0
0
3
2

 
Solving differential equations, prediction models can be obtained: 
         nk
a
u
e
a
u
xkx ak  2,1,011 01  »¼
º«¬
ª              (4) 
Then it can be converted to predicted value of the original sequence: 
             nkkxkxkx  2,111 110               (5) 
We use data from 2005 to 2008 to build model and forecast the value of each indicator from 2009 to 
2013.  The forecasting model of each indicator acccording to the gray prediction theory is as follows. 
The forecasting model of the energy consumption per unit of GRP is: 
    49275.4453275.42)1(ˆ 045835.01    kekX                                 (6) 
The forecasting model of The electricity consumption per unit of GRP is: 
    87016.20978862083012401)1(ˆ 007425.01    kekX  (7) 
The forecasting model of the energy consumption per unit of industrial value-added is: 
    627057.43217057.39)1(ˆ 114077.01    kekX (8) 
Applying the above model to predict, table 4 shows the predicted results . 
Table 4   the predictive value of  each indicator 
                       year 
indicator 
2009 2010 2011 2012 2013 
Energy consumption per unit of  GRP(ton 
of  SCE/10000yuan 
1.66068 1.586281 1.515215 1.447333 1.382493 
Electricity consumption per  unit of 
GRP(ton of SCE/10000yuan) 
1506.909 1495.761 1484.695 1473.711 1462.808 
Energy consumption per unit of industrial 
value-added(kw.h/10000yuan 
3.003 2.679 2.390 2.133 1.903 
According to the 2009 indicator bulletin of of energy consumption per unit of GDP of Heibei province 
and each city, The energy consumption per uit of  grp is 1.64 ton os SCE/10000yuan in Heibei province 
in 2009, The energy consumption per unit o f indus trial value-added is 2.999 ton of  SCE/10000yuan in 
Heibei province in 2009, The electricity consumption per unit of GRP is 1449.94 kw.h / 10000 yuan in 
Heibei province in 2009, compared with  the predicted value in  table 6,  the pred icted value and actual 
value of three indicators are very close: the prediction error of energy consumption per unit of GRP was 
1.26 percent, the predict ion error of  energy consumption per init of industrial value -added was 0.13 
percent, the prediction error of electricity consumption per unit of GRP was 3.39 percent. 
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5. Conclusion 
According to the “Hebei 11th Five-Year special plan to save energy”, the target of the energy 
consumption per unit of industrial added-value is 3.3 tons of  SCE/10000yuan in Heibei p rovince in 2010, 
Hebei province has been completed the plan in 2009. the target of the energy consumption per unit of 
GRP is 1.57 tons of  SCE/10000yuan in Heibei province in 2010, the predictive value of the energy 
consumption per uit  of GRP is 1.586 tons of SCE/10000yuan in 2010, the two are very  close, taking  into 
account the forecast error and the final effort, this goal should be achieved. The target of the electricity 
consumption per unit of GRP is 1190 kw.h  / 10000 yuan in 2010, compared to the predictive value, only a 
significant decline in consumption, this goal is possible to complete. 
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